Short stature is a clinical challenge in the daily practice of pediatric endocrinology, regarding the several technical, cultural and economic factors associated with its approach. This article intends to review the physiology of growth hormone secretion, the endocrine regulation of human growth and the clinical aspects of the diagnosis and treatment of short stature. It specifically analyses the treatment of short stature with growth hormone, along with its side effects, cost/benefit analysis and possible risks. A clinical case from a medical school is also described, intending a better understanding of this frequent ambulatory situation in endocrinology and pediatrics.
Introduction
The dynamics of the growth process are affected by intrinsic and extrinsic factors, which define not only the final height but also the rate and the growth spurt. Good pediatric care includes careful clinical monitoring of growth, which is a sensitive marker of health and well-being. The detection of unexplained acceleration or deceleration in the growth rate, or the adoption of a curve different from that expected from family background, requires investigation; changes in endocrine function are an important part of the investigation, but do not fully account for the differential diagnosis of abnormal growth.
This paper aims to offer comprehensive information for the detection and treatment of short stature due to growth hormone deficiency (GHD), while taking into account differential diagnosis relevant to clinical investigation of the problem. A clinical case followed by the IPEMED Medical School, located at São Paulo, Brazil, from the endocrinology ambulatory clinic was used for reference.
Clinical Case
An 8-year-old boy started receiving treatment for short stature in our endocrinology ambulatory clinic His background included a birth weight of 2600 g and height of 46 cm, with a stay in the neonatal intensive care unit for 8 days for unclear reasons, being fed cow's milk, starting table food at 7 months of age, not being breastfed, and several admissions for pneumonia and a case of varicella. Vaccinations were up-to-date, and he does not take any continuous medication. His family background includes an apparently healthy mother with a height of 155 cm and a healthy father with a height of 175 cm. The calculated target height is 171.5 cm (163 -180 cm). Differential screening was performed for possible causes of short stature, and Growth Hormone (GH) deficiency was detected, as shown in Table 1 . Treatment with GH was recommended. There was a delay in starting treatment due to financial reasons, and the family applied for coverage of high-cost medication through the Brazilian Unified Health System ("SUS"). For nearly 3 years, it was financially difficult to continue regular treatment, and difficult to obtain GH through the SUS. The lack of growth in the growth chart (Figure 1) indicates the period in which GH was not used.
In the context of this case, it is necessary to explain some concepts regarding short stature and the approach that should be followed in investigation and treatment.
In the first 2 years of extrauterine life, children adopt their own growth rate, which can be classified as precocious, normal, or delayed maturation. There are variations in pubertal development within this framework, with differences in age, onset of puberty, and the pubertal growth spurt, without necessarily indicating a pathological association.
Children with chronic diseases and short stature depend on the perceptions of caregivers when beginning assessment for the possible treatment of a stature deficit [1] .
Genetic and racial factors are highly significant for the final stature and growth pattern in childhood and adolescence. It is also important to consider family stature, which corresponds to ±2 SD (approximately ±10 cm) of the family target stature, estimated by using the average height of the parents +6.5 cm for male and −6.5 cm for female children [2] .
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The family pattern is considered adequate if it lies within the 3rd and 97th percentiles of the family target stature or ±2 SD of the average for gender and chronological age. Hormones are essential for the growth process, but their interaction with genetic, nutritional, psychological, and social factors must be emphasized, because these will largely determine final stature. Genes determine cellular differentiation and the development of organs and tissues. Genes of the homeobox family, class Hox I, for example, participate in the embryonic modeling of the axial skeleton and limbs. Mutations in the SHOX genes in the pseudoautosomal region of the X chromosome determine bone dysplasia and short stature (Leri-Weill Syndrome). Haploinsufficiency of the SHOX gene causes short stature associated with Turner Syndrome [3] . Figure 1 . Response to GH treatment. The lack of growth whenever GH was not used is apparent.
Regulation of Hypophyseal GH Secretion
The gene for human GH, i.e., GH1, is located at 78 kb from the long arm of chromosome 17. It comprises 4 introns and 5 exons and is part of a group of 5 genes: the placental GH gene (GH-5), two genes associated with the placental lactogen hormone, and a gene that encodes for a protein similar to the placental lactogen hormone. The somatotrophs of the anterior pituitary control production of GH in the predominant form of a single-stranded chain of 198 amino acids, with two internal disulfide bonds. The molecular weight is 22 kDa, which corresponds to 75% of the GH supply. Between 5% and 10% are of 20 kDa size, which results in alternative splicing. Secretion occurs in pulses, especially in sleep stages III and IV, with a half-life of 20-minute. Usually, 6 to 10 pulses occur in 24 hours, predominantly at night [4] . "GHR" is the specific GH receptor. The GHR gene is located at 87 kb from the short arm of chromosome 5. It has a 246 amino acid extracellular domain, a transmembrane component, and a cytoplasmic domain of 350 amino acids. Dimerization is necessary (coupling two receptors) in order to transmit the signal [5] .
Intrauterine growth takes place at a rate of 1.2 to 1.5 cm per week, reaching a maximum of 2.5 cm per week in the middle of pregnancy (approximately 18 weeks), decreasing to 0.5 cm per week near term. The hormonal control in that phase is regulated by insulin-like growth factor-1 (IGF-1) and 2 (IGF-2). GH and thyroid hormone slightly affect in utero somatic growth [6] .
At birth, the growth rate is both the most rapid and the rate that decreases the soonest during a child's development, with a growth of approximately 25 cm in the first year, decreasing to 15 cm in the second year; this coincides with the decrease in sex steroids after birth and the action of IGF in response to nutrition as the main factor responsible for GH production. This rate decreases after 4 years (early childhood), and is then replaced by a growth rate of 5 -6 cm per year. Genetic "channeling" (decrease in the percentile of a tall baby from short parents or increase in the percentile of a short baby from tall parents) usually takes place until infants are 9 to 12 months old [7] .
Rapid growth returns during adolescence, with rates of up to 15 cm per year. The age of skeletal maturation is earlier for girls than for boys. However, boys grow 13 cm taller before fusion of the growth plates. Normal puberty (9.5 to 14 years for boys and 7.5 to 13 years for girls) can present with a decreased growth rate in children with delayed maturation, while other children are entering a growth spurt [8] .
Correct positioning when measuring stature or length and maintenance of precise records should be performed by a trained individual, as these are essential when analyzing growth with a proper growth chart. Children under 2 years old should be measured in supine position, with their legs fully extended using a T-ruler with a fixed part for the head and a mobile part for the feet. At 2 years old, they should be able to stand independently, and should be measured with a wall-mounted stadiometer. The length and stature should be measured 3 times, with maximum variation of 0.3 cm. The average should be calculated and recorded. The occipitofrontal cephalic perimeter, the relationship between upper and lower body segments (S/I), and the arm span are useful when assessing short stature, tall stature, or pronounced growth disproportion. Therefore, an S/I ratio that is greater than expected indicates short stature caused by a genetic disorder; the ratio can be less than expected in short (e.g., those who have received spinal irradiation) and tall children (e.g., those with Marfan syndrome). Bone age (BA) can be used to assess maturation by using simple radiography of the left hand and wrist; it can also be used to quantify ossification of the trabecular bone taken at different points, comparing these with radiographic patterns for boys and girls. The assessment of BA should be carefully performed, as it assumes that one radiograph of the left hand represents the centers of ossification for the entire body, thus avoiding unnecessary exposure to radiation. It is more commonly used for comparison against standards published by Greulich and Pyle (G-P), measured from a small cohort of white North American children between 1931 and 1942. It is important to understand that these are old standards, with decreasing accuracy for 21st century children, as well as for children of other ethnicities or those with intrinsic skeletal dysplasia. However, they are the current reference standards for the assessment of bone development due to their practicality and simplicity of assessment.
Linear growth is considered to end when the growth rate is lower than 1.5/2.5 cm/year and/or bone maturation is between 97% -98%. These goals are usually reached at around 14 -15 years for girls and 16 -17 years for boys. However, body maturation (lean mass, body fat, and bone density) can continue up to the age of 30 [9] . Somatic development is not finished when growth ceases, and available studies show evidence indicating that GH is necessary in the postpubertal transition phase in order to reach normal adult stature [10] .
Prediction of Adult Stature and Parental Genetic Target
Several methods were devised for the Prediction of Adult Height (PAH), and all agree that a delay in BA in relation to chronological age is directly proportional to the remaining growth potential. It is also accepted that as BA advances, adult height becomes more accurate. The most commonly used method is that of Bayley and Pinneau, which is based on the Atlas of Skeletal Development by G-P. It can be calculated from BA, chronological age, and current stature, by introducing semiquantitative weighting for chronological age. It is important to emphasize that all methods were based on data from normal children, without any evidence of accuracy for growth abnormalities [11] .
Endocrine Regulation of Growth
All methods were based on data from normal children, without any evidence of accuracy for growth abnormalities. The complex interaction between stimulatory and inhibitory hormones influenced by afferent messages from the central and peripheral nervous systems determines the endocrine regulation of growth. In order to evaluate this regulation, in addition to the GH-IGF axis, gonadotropins/sexual steroids and thyroid function, nutritional deficits, psychosocial stress, and occult organic dysfunction, such as kidney or gastrointestinal diseases, should be assessed. The synthesis and secretion of GH occur in the anterior pituitary or adenohypophysis, which originates from the Rathke's pouch through invagination of the primitive pharyngeal epithelial floor between the 15th and 20th day of pregnancy [12] .
Depending on the growth period, various endocrine systems regulate the process. During fetal life, the impact of nutrition, insulin, and IGF is more relevant than GH. In the first months of lactation, however, adequate nutrition will determine linear growth, as well as thyroid hormone, which is highly important in relation to GH, even if the same hormone is not relevant to the fetus. In early childhood, nutrition, GH, and thyroid hormone are the bases for growth regulation. As puberty approaches, the levels of GH decrease, and increase significantly at the onset of puberty. This initiates the growth spurt, which would not be possible without GH [13] .
Patterns of height and growth are controlled by a series of mechanisms that vary from childhood to early adulthood. Even though a child's length at birth seems to be affected by genetic components, the mother's size (determined by genes and environment), her behavior during pregnancy, and fetal health and nutrition are considered to be the main determinants of length at birth, while genetics, nutrition, and disease affect growth more strongly after birth. It is believed that growth in the first 2 years is more susceptible to environ-mental influence than later in childhood, which would then be mainly genetically determined [14] .
Diagnosis and Treatment of Abnormal Growth
Childhood growth disorders often have the following characteristics: short stature with a normal growth rate (growth and skeletal maturation rate within normal parameters, short family/genetic stature), short stature with normal growth rate and evidence of lower previous rate (delay in growth with retardation of bone maturation), abnormal growth rate combined with or without short stature (systemic disease or hormone deficiency), and growth acceleration. Is required for the following cases [15] :
• Unexplained hypoglycemia, jaundice, or microphallus;
• Early signs of potential hypopituitarism, including GHD; • Unexplained abnormally slow or fast growth;
• Growth rate consistently below 10th or above 95th percentile than that expected for age; • Extremely short stature;
• Stature lower than the 1st percentile for age (<−2.25 SD);
• Pattern and prognosis of growth divergent from that of the family; • Estimation of stature (current stature percentile corrected for BA) differs significantly from PAH; • Abnormal body proportions.
Treatment with Growth Hormone

Rationale of Treatment
In 1985, the FDA approved biosynthetic GH. Biological systems (Escherichia coli and recently mammalian cells) transplanted with GH genes ensure an almost unlimited GH supply and eliminates the risk of transmitting infections, such as those described in reported cases of Creutzfeldt-Jakob disease (CJD), a rare and fatal spongiform encephalopathy found in patients who received GH from pituitary glands contaminated with subviral particles from corpses. Virtually all GH prescribed today is r-GH, which has 191 amino acids (recombinant GH). Therapy with GH might be recommended after assessing the cause of the growth problem, parental concerns, and probability of success. Efforts to increase self-esteem through parental support, careful selection of activities, and psychotherapy may possibly be more beneficial than injectable GH therapy. Retire et al. analyzed data from 1258 patients treated with GH who had nearly reached adult height in order to determine which factors were contributory. The results show that Caucasian patients with GHD who were treated with GH reached a nearly adult height of 0.8 and 1.0 SD in men and women, respectively; in patients with multiple pituitary hormone deficiencies, the nearly adult heights were 0.7 and 1.1 SD in men and women, respectively. Japanese patients with GHD, however, reached much lower nearly adult heights (1.6 SD in men and 2.1 SD in women), even though for the population [16] .
After the first 6 months of life, it is possible to determine the pattern of the growth rate from the lower part of the normal growth curve. The BA is delayed and (if hypothyroidism is not detected) equal to the stature age. The distribution of fat increases and muscle mass decreases, identified by the delay in gross motor development. During growth, the closing of the fontanelle is delayed, hair is thin and fine, and the growth of nails is slow. If untreated, GHD adult stature can remain between −3.1 and −4.7 in the standard deviation score. In 40% to 70% of patients diagnosed with idiopathic or isolated GHD (IGHD), repeated exams are normal, especially in the immediate prepubertal period, due to the physiological decrease in GH in that period. Reduced serum levels of IGF-1, IGF-2 and insulin-like growth factor binding protein (IGFBP)-3, and elevated or normal levels of GH suggest an IGH diagnosis, considering the following: basal serum GH above 10 mU/l (approximately 5 μg/l), basal serum IGF-1 lower or equal to 50 μg/l, lower stature EDP at −3, serum GH receptor binding protein (GHBP) lower than 10%, and elevation of IGF-1 levels after the administration of GH. Lower GHBP serum levels also suggest an IGH diagnosis, although this entity can develop with normal GHBP levels. Thus, a definite IGH diagnosis requires classic phenotype, reduced IGF-1 and IGFBP-3 serum levels, and identification of an abnormality in the GH receptor gene [17] [18] .
The treatment of IGF-1 deficiency starts with a therapeutic GH test. Currently, a daily regime with subcutaneous administration is preferred. In the USA, daily doses of 0.04 or 0.05 mg/kg/day are administered, and are started as early as possible. Even in cases where one wishes to postpone the injection treatment in young children in order to avoid discomfort and inconvenience, evidence shows that early identification, diagnosis, and treatment for severe GH deficiencies should be recommended in order to improve growth potential. Regardless of the regime chosen, the best response to GH is seen in the first year of treatment, gradually decreasing with time. Seasonal variation is also observed, with peaks during summer and nadirs during winter (North American population) [19] .
There is no consensus regarding the most efficient dosage and frequency for GH administration in adolescents. Conventionally, 0.18 to 0.35 mg/kg/week is recommended, although there are indications that doses of 0.7 mg/kg/week would increase the growth rate in this age group without any evident adverse effects. GH replacement, after reaching target height in young adults with GHD, is associated with a significant increase in the thickness of cortical bone. The reduction observed in the intra-bone diameter of patients treated with GH in this study suggests that the increase results in the growth of endosteal rather than periosteal bone. While there is no sole cause for bone fragility, smaller or thinner trabeculae and thin cortices all play a role in lowering maximum bone density [20] .
For idiopathic short stature (ISS) should be discussed with the child and parents. These include observation and safety, GH therapy, and low-dose hormone therapy. Clinical observation is a reasonable strategy, supported by a lack of evidence linking short stature with psychological dam-age, or evidence for long-term psychological benefit after GH therapy; the expectation of eventual approximation of adult height to familial average height should be discussed [21] .
Cost/Benefit Analysis
The maximum average height gain associated with GH treatment in children with Idiopathic Short Stature (ISS) is uncertain, and the costs are of 10,000 -20,000 US Dollars/cm. However, the short-and long-term benefits for the individual and society are not clear. It is not known whether and how an increase in height affects life quality. Thus, GH treatment in children with ISS should be considered in the context of healthcare cost, specifically for the parents. Thus far, data showing an improvement in life quality and better psychological health, among other factors, have not been collected in well-controlled studies. Therefore, the recommendations for GH treatment should be balanced against the high cost of therapy [22] .
Duration of GH Treatment
There are two approaches regarding the duration of treatment. One proposes that treatment should stop when nearly adult height is reached (growth rate of 2 cm/year and/or BA of 16 years for boys and 14 for girls). Alternatively, therapy can be interrupted when the height is within the normal adult level (above 2 SD) or when another cohort is reached for the adult reference population (for example, in Australia, the 10th percentile; in other locations, the 50th percentile). The interruption of therapy is influenced by the satisfaction of the patient/family with the results, by a cost-benefit analysis, or when the child wishes to stop for another reason [23] .
Potential Adverse Effects of GH
The potential secondary effects in ISS children treated with GH are similar to those described in literature for children receiving GH therapy for other reasons. However, the frequency of adverse effects is usually lower. Individuals with a family background of short stature usually do not respond satisfactorily to GH therapy when compared to individuals with a different background. Clinical and laboratory presentations are the most important markers for diagnosing GHD. Results of functional GH tests depend on the assay used, the pubertal and nutritional state of the child, and the GH secretion pattern before the test. These tests are difficult to reproduce [23] .
Although there is great similarity between the amounts of IGF-I and IGFBP-3 in GHD children when compared to normal children, these measurements are reasonably specific and useful if combined with other diagnostic criteria. Abnormal results of pituitary RNM indicate a relatively high probability that GHD will persist in adulthood, and suggests that a deficiency in the posterior pituitary gland might manifest later in life. Children with GHD and a GHD family history should be evaluated for GH1 and GHRHR mutations. Other genetic tests are still not widely applicable when diagnosing GHD, although these may contribute to diagnosis in the future [24] .
Conclusions
Short stature due to growth hormone deficiency is a complex clinical situation that requires expertise, knowledge regarding the history of disease and a thorough analysis of the available treatment options, according to the best scientific evidences, avoiding off-label therapies or unproved alternatives.
Its diagnosis is made by excluding other possible causes of short stature, along with laboratory tests as IGF-1 levels and bone age X-ray test.
When GH treatment is an available tool, it should be handled with knowledge and carefully, regarding its cost-benefit features, the need of frequent follow-ups and lab control tests, to assess the effectiveness and safety of this treatment, which varies from one patient to the other.
Short stature still poses a major challenge in the daily clinical practices nowadays, especially regarding pediatrics and in pediatric endocrinology.
